Abstract: This paper presents an innovative initiative of a regional university stimulating the development of a knowledge hub around nanotechnology applications to businesses. The paper argues that the regional industry structure and competitiveness can be influenced by this type of university-industry partnership that initiate, share, facilitate and transfer new technologies and practices. At the same time the paper indicates the social and ethical impact of introducing radical new technologies.
Introduction
That innovation holds the key for growth in business and regions is today widely accepted, but what 'activities' can be considered 'innovative' and how can they be generated, promoted, implemented and succeed in a world of global industrial competition is much more uncertain. Recent international experience suggests that one of the key activities linked to innovation is to maximise the value of public sector knowledge-generating institutions [1] . The key to this maximisation is creating and improving links between the different knowledge systems:
• firms
• institutions
• research and development organisations
• non-profit organisations.
Thus, the term 'knowledge-based' or 'learning economy' has emerged to describe those economies in which the production, distribution and use of knowledge are the main drivers of growth, wealth creation and employment across all industrial sectors [2] . The maximisation of the use and transfer of knowledge has thus become a critical factor in global competition of firms of all sizes and within all sectors.
The role that universities and other knowledge institutions play today in the generation, sharing and transferring of knowledge is looked upon by regional stakeholders with much more sophisticated eyes that it was in the past. As well as the efforts of training new talent, strategic engagement with industry and the community is driving the agendas of regional universities. Universities become much more active in influencing regional competition than they were in the past and recent literature points to a conscious, robust strategy by some universities of driving regional knowledge development [3] .
It is generally agreed today that participation in networks, clusters and alliances proves a powerful learning mechanism, especially if the relationships are in geographical proximity in order that extensive sharing can take place informally [4] . It has also been discussed elsewhere that regions should maximise the value of their knowledgegeneration institutions through linkages with the different actors in their innovation system [5, 1] . The transfer of knowledge between knowledge providers and specialised industry has also been discussed elsewhere [6] . However, the generation, sharing and transferring of knowledge in areas of relatively limited expertise by industry and the role of universities as knowledge facilitator institutions have received considerable less attention. This paper is about one of these new areas for industry: nanotechnology applications.
The paper presents an innovative initiative where a regional university is stimulating the development of a knowledge hub around nanotechnology applications to businesses. The paper discusses the active role that University of Western Sydney (UWS) is taking in transferring knowledge related to nanotechnology. The paper argues that the regional industrial structure can be influenced by this type of university-industry partnerships that initiate, share, facilitate and transfer new technologies and practices. At the same time the paper discuss the social and ethical impact of introducing radical new technologies.
The paper is divided in five sections. After the introduction, section two explores the knowledge infrastructure in Greater Western Sydney as the geographical unit of analysis; section three presents the UWS Nanotechnology Project as an example of a knowledge intensive initiative designed to be highly influential in the region. Section four discusses nanotechnology and its social impact not just to the firms as users of technology but also to the broad community dealing with technological change.
Knowledge infrastructure in Greater Western Sydney (GWS)
Greater Western Sydney is the regional unit of analysis of this paper. This section discusses the knowledge-settings of the region.
The organisation of knowledge within a certain space is what is called a 'knowledge hub'. This may be defined as an ensemble of knowledge-intensive organisations located in both public and private sectors. Some are research-intensive knowledge producers, such as research institutes or universities. Others are demanding-knowledge users, including firms but also service providers such as hospitals [7] . The intensity of the knowledge produced and transmitted makes the hub a 'system of activities' and while the boundaries are not limited at the geographical level, the organisation at the core of the hub does need geographic closeness.
Methodologies to study knowledge hubs are still in the early stages of development and in Australia there have been only a few studies on the subject [8] . Recent literature [9] suggests that a knowledge hub can be analysed as series of inter-related systems, and as a series of functions. Knowledge hub systems are the underlying infrastructure on which knowledge-hubs are built. Essentially a knowledge system describes a 'structured' arrangement of institutions, communities, firms and organisations that intersect through the production, use and diffusion of knowledge [10] .
Four knowledge systems can be identified in any given space:
1 industry system 2 institutional system 3 research & education system 4 not-for-profit systems.
Three major functions can be analysed in any given space:
1 generation of knowledge 2 transmission of knowledge through education and training 3 transfer and application of knowledge.
These three functions are not independent or sequential; they can occur at the same time, as the generation, transmission and transfer of knowledge are interdependent.
Although not all the systems and functions above have been explored in GWS, a spotlight on the region is presented in this section.
Greater Western Sydney covers a large area of Sydney and hosts 1.7 million people. The population is extremely mixed in terms of ethnic origin, educational levels, skill levels and employment rates and levels. Recent research by AEGIS [11] (2003) shows that GWS is an area of small businesses. Of the 63,000 businesses in the region registered in 1998, the great majority employs fewer than ten people.
Greater Western Sydney is the third largest economy in Australia, only behind Sydney CBD and Melbourne. It is the fastest growing economy, and is often referred to as the economic powerhouse of Australia [12] :
"The Greater West has experienced the highest rate of population growth of any region in Australia over the past decade. Between 1991 and 1996, the region expanded by 7.9% -far higher than Sydney's 5.9% and Australia's 1.2%." [13] The suburbanisation in the 1960s, and the reindustrialisation from the mid 1970s reversed the location of Sydney's manufacturing from inner industrial areas to the outer suburbs of Greater Western Sydney. Today GWS is one of Australia's main manufacturing regions in Australia. Another very important sector is retailing, which is the largest employment sector among residents in the outer LGAs of Penrith, Hawkesbury and Camden [14] . Greater Western Sydney is however significantly underdeveloped in the Sydney metropolitan's fastest employment growth area of banking, finance and business service (BFBS). The banking, finance and business service sector is concentrated in Sydney's CBD and lower North Shore, while only 17% of BFBS employment is located in GWS [15] . Figure 1 shows the distribution of the businesses by field of activity. The great majority of businesses are in service sectors, with only 10.24% in manufacturing, a little above the NSW average. The particular business or industrial structures indicated in these figures suggests that interaction with external research partners in the region needs to be stimulated and viewed with different lenses than if the region has large organisations. The traditional view that small enterprises are not able or interested in research partnerships needs to be challenged and new approaches need to be tried by local knowledge providers. For example, the UWS case for improved engagement with the SME sector, through a long-term strategic approach to build trust and mutually beneficial partnerships, is based on the university strategic focus on education, research and collaboration [16] . The AEGIS (2003) study summarises the knowledge features of GWS:
"The GWS area suffers from sparse local knowledge generation, transmission and transfer resources. The University of Western Sydney's many campuses constitute the tertiary education and research locations closest to most areas of the population. The University is very large at undergraduate level and trains very large numbers of local students (as well as some from outside the GWS region) at that level. UWS is a broad multidisciplinary university, offering courses in all major areas and professions except medicine, veterinary science and architecture. It has a very large College of Law and Business which trains in all areas of those fields. UWS is also strong in the humanities and social sciences in terms of teaching. The latter (Social Sciences) field includes teacher education, a UWS specialty. In comparison with some other NSW universities, UWS is not, however, a research-intensive institution, with a relatively very small number of students preparing postgraduate research degrees, expected at doctoral level. The number of postgraduate research students is now also declining significantly following shifts in federal government research student funding policies. The current major research strengths of UWS lie in the agricultural sciences, auditory cognition and psychology, and some areas of the social sciences such as industry analysis and innovation and urban development and regeneration. The university undertakes relatively little technology transfer by the standards of UNSW or the University of Sydney and holds very few patents. Technology transfer, particularly in agricultural research, and on-farm impact is not negligible however, while the Centre for Construction Technology Research has begun to have impact within the construction industry on product development" [17] .
The role of UWS in the region has been increasingly significant since its inception in 1989. Educating and supplying a highly skilled workforce to assist regional industry competitiveness is an increasingly valued contribution. As an organisation, UWS employs 4,000 staff and contractors (mainly local) with 37,000 students across six campuses and contribution of approximately AUD $350 million per annum to the gross regional product [18] . UWS as a university is increasingly committed to engagement with its region and has created an Office of Regional Development to encourage university-region interaction. Community engagement is so important for this university that it is stated in the UWS mission, stated also formally by UWS senior management in public forums, and stated as one of three main components of the UWS strategic plan [2004] [2005] [2006] [2007] [2008] , and considered as one of the defining features of UWS and "at the heart of the university" [19] . Some The GWS region also hosts several Technical and Further Education (TAFE) institute locations, notably the 17 northwest and southwest Sydney colleges. Staff of TAFE are increasingly working closely with local enterprises to ensure the relevance of their courses. A major initiative, Austool, largely funded by the Commonwealth Government, was recently announced to train toolmakers for GWS manufacturing industry. UWS has been a contributor to this initiative through academic participation on the Board.
The AEGIS study (2003) shows that the region hosts no Cooperative Research Centre (CRC) headquarters or technology parks, although one is under consideration by Liverpool Council and there is an emerging Biotechnology concentration around Westmead Hospital and the UWS Westmead Campus. There are technology parks in most Australian states, involved with research and development and business incubation. Many of these are either funded by government or are associated with universities. These parks tend to have concentrations of ICT, defense, aerospace, health, biotechnology and environmental technology. New South Wales hosts six technology parks, all but one in Sydney. None of the parks hosts many companies by international standards. The Australian Technology Park (ATP), co-owned by three Sydney universities and the Australian National University, hosts the most with 30 companies. Some of these companies are spin-outs from the universities or CRCs, including the Bandwidth Foundry for example. The Macquarie Technology Park is relatively new and hosts 12 firms, including branches of some of the same ones that are located in the ATP. A small park is attached to the CSIRO site at North Ryde and a private company provides incubator facilities in the Macquarie Park. ANSTO has its own business and technology park. There are attempts to create a technology park in the west of Sydney at Parramatta where a new 'biotech' park seems to be emerging around Westmead Hospital and the nearby UWS Westmead Campus. UWS has also involvement with several research groups at ATP and at ANSTO [21] . The technology parks have been in existence for approximately ten years and have tended to concentrate on developing research and technologies with less emphasis on knowledge transfer [22] .
The NSW Innovation Council some years ago set up the 'Australian Technology Showcase' (ATS) to promote firms that had developed especially innovative technologies. Firms apply to the Innovation Council who reviews applications and some outstanding companies are recommended for adoption into the ATS. Preliminary analysis of the companies in the ATS indicates great concentrations in central Sydney and on the far north shore, with lesser concentrations in the lower North Shore/Ryde areas. Much fewer are recorded as located in the rest of the city, except in Camden (southwest Sydney).
Summarising the knowledge infrastructure in GWS, there are two main institutions:
UWS has six campuses spread across the Greater Western Sydney: (8) 2 Southern Sydney Institute (3) 3 South Western Sydney Institute (6).
Other organisations within the regional system are a small airport located in Bankstown with links to the aviation department at UWS Bankstown campus; 23 regional organisations in GWS from the public, private and civic sector and 20 research companies. Figure 2 shows the location of knowledge institutions in GWS. 
The role of universities in regional knowledge systems
Traditionally, the role of universities has been the generation and transmission of knowledge. The 'generation' of new knowledge is relevant to all industries and influential in the economic success of regional players and beyond. The 'transmission' of knowledge takes place by education institutions but also through networks of firms, community-based organisations and government institutions. However the new critical role for universities in contributing to knowledge hubs is the 'transfer' of knowledge to the community. The transfer of knowledge, if successful, could stimulate adoption of new knowledge in firms and new learning could be established contributing to the critical long-term capability for growth of new enterprises. Among these critical capabilities are commercialisation know-how, reaching finance providers and increasing IP value [23] .
The interaction between industry and public sector research organisations (PSR) has also been debated elsewhere as an interactive model of knowledge-flow [24] . In practical terms, both specialised public sector researchers and companies generate new knowledge, refine and add to existing technological know-how. However, if public sector research is to be maximally effective, researchers need to more actively interact with user organisations. This interaction needs to be oriented not only to present needs but specially to the exploration of future opportunities where PSR might be able to tackle resources on technology 'complementary assets' [25] . The AEGIS (2003) study found that Australia-wide, businesses spent the overwhelming proportion of their R&D dollar on experimental development, not on research per se. Thus, in 2000-2001, manufacturing spent $1565 million on experimental development and only $106m on basic research. The picture presented in Figure 3 indicates why universities and industry find it hard to match their interests. The Figure shows that universities undertake basic research while companies largely invest in experimental developmental, an activity much more closely related to their immediate commercial concerns. While some international evidence [26] has shown that some companies undertake (and publish) more basic research than do some medium size universities in the UK, this pattern is not widespread in Australia. Figure 3 also shows that the critical segment of research activity, where universities and industries can perhaps best meet, is the field of applied research which is almost equally important to both sets of players. While, in theory, companies could use the basic research undertaken in universities as the underlying ingredient needed for new products, in reality only some pharmaceutical and biotechnology firms and their products are sufficiently close to basic research to do so. Overall, industry spends more on R&D than does the Higher Education (HE) sector. However, new evidence by Acs [27] shows that the effects of university research spillovers impacts on the innovation capacity of all firms in their region, but especially the uptake of research in SMEs. Acs uses a large innovation database to test whether university research labs were important for firm innovation. He found evidence that small firms take greater advantage of knowledge spillovers from universities than large firms, for whom corporate R&D is a more important source of generating and commercialising innovation. Acs found that geographic proximity between universities and corporate laboratories within a state clearly serve as a catalyst to innovative activity for firms of all sizes, but especially for small firms. There is also evidence to support the idea that the greater the extent to which an industry is composed of large firms the greater will be the innovative activity, but the increased innovative activity will tend to emanate more often from the small firms.
The next section presents a knowledge-intensive initiative by the Office of Regional Development (ORD) of UWS towards the opportunity of building university-industry partnerships in the area of Nanotechnology.
UWS nanotechnology project: towards a knowledge hub

Background
OECD research has identified university-regional SME research networks as crucial for development of innovation and entrepreneurship [28] . New generation universities such as UWS are establishing themselves as engines for learning in the community and 'leading educational brokers' for a wide range of learning activities [29] . Senge [30] made popular the concept of the 'learning organisation' where colleagues within a workplace share knowledge and educate each other in the areas of their expertise. The dynamics provided by such a practice creates an organisation that is globally competitive and able to stay abreast of innovation and rapid change. UWS is not the first to extrapolate this definition of 'learning' to the GWS community, but it is taking these concepts very seriously and is devoting resources to engage with local SMEs.
The needs for engagement with the SME community are many fold. "The importance of SMEs to socio-economic development is today widely recognised at all levels of government…SMEs are at the core of any regional development and innovation strategy" [31] . The Federal Department of Education, Science & Training's Varieties of Excellence [32] makes particular reference to the circumstances of SMEs -their importance to economic development and the regional role. Areas that have been identified for growth potential in GWS are health & biotechnology, information technology, financial & business services, tourism & hospitality services while the environmental, horticultural and manufacturing industries also continue to contribute significantly. It is strategic for UWS to focus engagement with these sectors, especially where there is an alignment of academic strength with regional needs.
In such a community as GWS, networks can be the most effective mechanism for sharing knowledge and developing new skills. The University of Western Sydney, Office of Regional Development has operated an Innovative Technology Network (ITN) since 1997. There has been both federal and state government funding assistance to supplement the university's operation of the programme. The Network provides a monthly programme of seminars and factory visits for SMEs in GWS. The enterprises are mainly manufacturers and property and business services. The focus of the seminars and visits is technological innovation.
While the major purpose of ITN is technology diffusion to manufacturers, ITN has taken the position that there is much value in bringing together manufacturers with educators, consultants, and government and service personnel. To become and remain competitive in an increasingly global marketplace for products and services it is important for GWS SMEs to be innovative, entrepreneurial and flexible, key elements of the 'learning' economy. In facilitating the Innovative Technology Network, UWS has built partnerships with other educational institutions and alliances with a diversity of organisations openly encouraging development of such industry networks to aid greater cooperative activity amongst stakeholders, thus contributing to ongoing growth opportunities while maximising local/regional resources [33] . By narrowing the gap between academics and industry, both UWS and industry can benefit from improved information exchange [34] . As Gibbons et al argue [35] "The working world's demands to take our engagement with our economies as a core value commits academics to a dialogue with employers about the nature of the future world of work and the demands it is likely to make on graduates."
The ITN conducted a forum in May 2002 on the UWS Campbelltown Campus to bring information to local industries regarding the research and development opportunities highlighted in the federal government's Backing Australia's Ability Innovation Statement, of the four key research priorities of nanotechnology, genome/phenome, photonics and complex artificial systems. Academics from UWS gave presentations about the opportunities for SMEs to take advantage of the potential in these frontier technologies. The interest generated by the presentations motivated the UWS ORD to seek funding to further promote the concept. The federal Department of Transport and Regional Services (DoTaRS) Sustainable Regions Programme, specifically for the Campbelltown/Camden Local Government Areas, together with UWS have funded the UWS Nanotechnology Project with $450,000 for two years. The 'Building Nanotechnology Business Potential in the Campbelltown/Camden Region' Project commenced in March 2003 and is due to finish in March 2005.
The objective of this Project is to identify and build nanotechnology business potential in the Campbelltown/Camden Region, specifically in the area of nano-materials. UWS aim to work with existing organisations including local and regional peak industry associations:
• To identify existing enterprises with potential for application of nano-materials technology.
• To facilitate and support development of networks and new enterprises applying nano-materials technology.
• To enable access to funding opportunities for industry and product development with concomitant research and training, including research and development granting schemes.
To ensure the Project positively contributes to the region there is a strong emphasis placed upon identifying and evaluating the opportunities that arise from the networks and soft infrastructure developed. There is also the consideration that if this particular model of university/industry collaboration proves to be successful the initiative could be expanded or replicated in other regions. As this is a new initiative in an emerging science field there is also the opportunity to evaluate the development of the enterprises, the relationship between the university and industry, and the effects of the project focus on the broader community of the region.
It was determined that the benefits to the region could be evaluated by monitoring the following:
• The number of industries identified with the potential for 'rebadging' in nanomaterials development.
• The number of new small/medium enterprises applying nano-materials in the region.
• The number of new employment opportunities that arise in these new enterprises.
• The amount of research and development funding (both private and public) from other sources attracted to capitalise on the prospects.
• The number and diversity of new products and/or processes that are developed.
• The number of research and training opportunities that arise.
It is intended that these benefits be monitored through a longitudinal study over a period of years from inception of the Project. To initiate the development of the baseline data the UWS Nanotechnology Project database has been drawn from the ITN database. It has been 'cleaned up' to only contain those industries in the Campbelltown/Camden postcode areas, to remove duplications and multiple contacts at the one enterprise; and to remove entries that are not relevant to this Project. This leaves 279 companies with the majority being in the manufacturing sector. Table 1 shows the distribution of industries by ANZSIC groupings. This does not reflect the GWS industry distribution as shown in Figure 1 earlier in this paper but reveals the concentration of the ITN focus on the manufacturing sector. Two groups account for 63% of all industry (173 companies): manufacturing (40%) and communication and property (23%). A further analysis of the manufacturing sector is shown in the Table 2 . This further breakdown reveals the concentrations in paper/printing, plastics, metals and machinery. All of these subdivisions have potential for involvement with nanotechnology and nano-materials. The enterprises on this database were contacted to complete a short questionnaire and some companies participated in face-to-face interviews. The data collected forms the baseline data for the Project. The information received also ensures that the database contains only those enterprises that express their interest for participation in the UWS Nanotechnology Project and is the basis for ongoing communication.
Efforts are also being made to identify other enterprises that may wish to become involved in the Project through 'cold canvassing', following up leads and referrals, promotional activities, industry associations, chambers of commerce and participation in other effective local networks. The following section present the results of the exploratory survey conducted in August 2003 by the UWS Office of Regional Development. It is important to state that the information gained from this exploratory survey can only be seen as indicative as the sample size is too small to provide statistical validity. Table 3 shows the distribution of the responses across major industry classifications. The higher response rate from the manufacturing sector is reflective of the nature of the Project and the ORD database. The response rate was 11.8% (33 surveys) over a threeweek period. The questionnaire was sent to ITN companies in the Campbelltown/Camden area and then the companies were followed up by telephone. Table 3 Nanotechnology industry exploratory survey respondents by ANZSIC Code
Nanotechnology industry exploratory survey in South West Sydney
ANZSIC Code Number
Agriculture 1 Table 4 shows that only 27% (9) survey respondents have existing knowledge of nanotechnology. If this is extrapolated over the whole cohort of the survey (279) and it is assumed that the non-respondents to the survey have no knowledge of nanotechnology, this would indicate that approximately only 3% of businesses in the target area are aware of nanotechnology. This indicates the need for a considerable education campaign to raise awareness of nanotechnology product applications, as the potential for manufacturing companies has already been identified. Of the companies with nanotechnology knowledge, only two companies are currently using nano-materials or nanotechnology.
Table 4
Existing knowledge of nanotechnology
Number of respondents 33
Yes 9
No 24
Source: UWS ORD Nanotechnology industry exploratory survey August 2003
The expectations of introducing nanotechnology are also very small. Table 5 shows that at this stage there are limited plans within local industry to introduce nano-materials or nanotechnology. This reveals the extent of the challenge for the Project but does provide an important baseline to measure any progress in the uptake of nanotechnology.
Table 5
Companies with plans to introduce nanotechnology
Number of respondents 33
Yes 2 No 29
Unknown 2
The exploratory survey asked about the awareness of enterprises of R&D tax concessions and other start-up and Australian Research Council (ARC) grants. Table 6 and 7 highlight that there is broad knowledge in the business community of the 125% taxation rebate for research and development expenditure but lesser understanding of the availability of government research incentives such as the ARC Linkage Grants and Ausindustry R&D Start Programmes. Bringing these programmes to the attention of local industry may be the vehicle for businesses to engage research partners for the application of nanotechnology in their industries. These programmes show the potential for universitySMEs partnership as only 24% (eight) of respondents indicate that have ever entered a partnership with a university for research, consultancy or training (see Table 8 ).
Table 6
Awareness of 125% taxation rebate on research & development
Number of Respondents 33
Yes 8 No 22
Unknown 3
Source: UWS ORD Nanotechnology industry exploratory survey August 2003 Table 7 Awareness of government programmes such as R&D Start and ARC Grants
Number of Respondents 33
Yes 17
No 13
Unknown 3
Source: UWS ORD Nanotechnology industry exploratory survey August 2003 Table 8 Companies who have entered a partnership with a university
Number of Respondents 33
Unknown 3
Source: UWS ORD Nanotechnology industry exploratory survey August 2003 In fact, only 36% of firms (12) are aware of services and programmes that UWS has available to work with business and industry (see Table 9 ). This result reinforces the need for much more proactive initiatives by universities in order to transfer knowledge in their regions. As this has not been the main focus of universities in the past, this constitutes a challenge for universities to reinvent themselves and to explore a whole new range of opportunities to participate with industry.
Table 9
Awareness of services and programmes for business offered by UWS
Number of Respondents 33
Yes 12 No 19
Unknown 2
Source: UWS ORD Nanotechnology industry exploratory survey August 2003 Other data indicates that respondents anticipated growth for their business over the next two years was on average of 47.5%, which reflect a positive attitude by these businesses to their industry and the economy. Similarly, on average, respondents indicated that they had spent $30,750 on research and development in the last financial year. This also indicates that these businesses are prepared to invest in the future of their industry, although this investment is quite modest, and might be prepared to introduce innovation through the application of nanotechnology. The exploratory survey indicated that there were only two companies in the Campbelltown/Camden region that were using nanotechnology:
1 One of the companies has used nanotechnology in aerosol valves since 1995 as a way to improve the quality of the product but noted as a major barrier for future development the lack of knowledge and understanding of the application of nanotechnology to different parts of the product and to other products.
2 The other company is using nanotechnology since the year 2000, applying nanoscale raw materials to cosmetics.
Identified barriers to the further application of nanotechnology are the lack of knowledge of what can be done with this technology, and lack of capital and a skilled labour force for further research [36] . At the time of writing this paper, three quarterly meetings of the Nanotechnology Network have been held at the UWS Campbelltown Campus with 19 industry members attending the first meeting and more than 50 attending the second and third meetings. The number of individuals that are currently on the database for the Network has increased to over 190 people revealing that the Network is expanding thus creating more opportunities for collaboration and information sharing. The interest created by the 'Nano-network' and the significant resources allocated by UWS including the appointment of a Professor of Nanotechnology, a Post Doctoral Fellow already working in a firm on an ARC Linkage Grant, several other grant applications in progress, strongly indicates the foundations of a knowledge hub on nanoscience and nanotechnology applications.
The degree course in Nanotechnology commenced this semester with 22 undergraduate students on the Campbelltown Campus. These students are encouraged to participate in the Network adding another dynamic to the mix that will bring the students together with their potential employers. It is still too early to see the extent of the impact of the Project on the region's economy but the effects on the three elements of a knowledge hub are already anticipated:
1 New knowledge is expected to be generated soon.
2 The transmission of knowledge is already well under way.
3 The transfer and adoption of knowledge by industry is a high priority for the Network.
The UWS Nanotechnology Project has attracted the attention of other academics, universities and institutions. At the February network meeting representatives from the University of Technology Sydney (UTS), the Australian Nuclear Science and Technology Organisation (ANSTO), CSIRO, the University of Sydney, the Australian Pacific Nanotechnology Forum, n-ABLE, Intelligent Manufacturing Systems (IMS), the Australian Manufacturing Centre, various government departments and other business service providers attended. The UWS Nanotechnology Project is part of an ARC Centre for Functional Nano-materials located at University of Queensland, and representatives from the Project have given presentations at conferences across Australia and to representatives of the European Commission. The significant issue that is stimulating the imagination of academics is the applied nature of the Project and the close and direct links with industry, especially SMEs. From the liaison with industry it has been identified that preliminary interest is in the application of nano-materials in the fields of polymers, surface coatings and metals. Next section explores some of the implications for local industry and the community.
Implications for industry and the community
The global emergence of nanotechnology as the basis of a revolution in industry is rapidly gaining grounds in the literature [37] . There is not just one definition of 'nanotechnology' although it is agreed that it has to do with the science of the very small. The NASA definition [38] refers to nanotechnology as a field focused on the creation of functional materials, devices, and systems through the control of matter on the nanometre scale, and the exploitation of novel phenomena and properties at that length scale. Another source defines nanotechnology as the "range of new technologies that aim to manipulate individual atoms and molecules in order to create new products and processes: computers that fit on the head of a pin or structures that are built from the bottom up, atom by atom" [39] . The increase of governments' awareness in the promising economic potential of nanotechnology can be observed in the increase R&D expenditure between 1997 and 2000. R&D funding for nanotechnology grew from USD 114.4 million to more than USD 210.5 million in the European Union and from USD 102.4 million to USD 293 million in the US during this period [40] . The US government is investing nearly USD 1 billion into nanotech research during 2004, and according to a CNET report will add USD 3.7 billion more between 2005 and 2008. Clayton Teague, director of the National Nanotechnology Coordinator Office, a government department that facilitates cooperation between academic researchers, corporations and other government offices said the US federal government is committed to the promise of nanotechnology. At the recent 2004 Boston conference 'Nanotech', Teague said that "with all that support, the government and lawmakers are really looking to this field to be a major contributor to our economy over the coming years."
The US, the EU and Japan are far ahead in R&D investment in nanotechnology since 1997, although other countries such as Italy, Sweden, Finland and France have a high average annual growth rate (see Figure 4) . At the same time there has been an increase in scientific output as measured by the number of scientific publications, which increased from 10,575 in 1997 to 15,667 in 2000. The publication of papers on nanotechnology was largely dominated by the US, Japan and Germany (see Figure 5) [41]. The impact of nanotechnology in society has been compared to the electronics and computing revolutions of last century. However the path for adopting this new technology at industry level might be retarded if the public is not well informed of the ethical issues that may be involved with nanotechnology. An examination of scientific databases from 1998 to 2001 has shown a paucity of research or discussion on the ethics or social implications of nanotechnology [42] . This is in some way linked to the lack of research grants awarded on the subject even while governments around the globe have increased interest in the associated social fields to nanotechnology. The Australian government, for instance, discussed in the proceedings of the workshop on nanotechnology in Australian industry the 'ethics of change' as one of the factors to be considered primary agenda issues if the rate of nanotechnology diffusion is to be accelerated [43] . Some of the themes of the ethics of change are issues of equity between developed and developing countries, privacy and security of the public, environmental issues that have not yet been explored, and the important subject of the capacity of nanotechnology to modify living systems [44] . Experts also agreed on exploring the full implications of nanotechnology. In a recent article in the Sydney Morning Herald [45] Dr Peter Binks, Chief Executive of Nanotechnology Victoria concludes: "Nanotechnology is an exciting science, and offers commercial potential and significant benefits to society. However, society has to assess the full implications of nanotechnology, in terms of its benefits and threats, in order to best capture this potential."
Conclusions
That regions need to get smarter to be able to compete at the global level with other regions is something that all regional economic developers and strategic planners know very well. However, to develop the right type of activities that will bring this dream to life is much more difficult. This paper has discussed that regions which invest in knowledge infrastructure will develop higher capabilities to innovate for industry, knowledge institutions and government departments. In return industry will become more competitive and this applies to regions too. Regions that want to be part of the so-called 'knowledge economy' will benefit from a long-term strategy of community engagement where universities can play a critical role in the innovation culture of existing industries.
That universities and industry need to be more active in collaborating and transferring knowledge is a valid claim probably for every regional university in any country. The old role of transmitting knowledge through student training is no longer enough collaboration with SMEs to achieve the degree of innovation that will drive industry in the future. This paper has discussed a project driven by the University of Western Sydney that aims to create the foundations of a nanotechnology knowledge hub in South West Sydney.
The significance of the project reported here can be seen in the potential that the majority of manufacturing firms, in the region of analysis, have of applying nanomaterials and nanotechnology to their products. The lack of knowledge of what nanotechnology can do to improve the quality of products and to reduce the use of other more polluting materials denotes the critical role that UWS could have in transferring knowledge generated at UWS and elsewhere. As the elements of a knowledge hub (generation/ transmission/transfer of knowledge) are no longer linear or unidirectional, both users and producers of knowledge have to actively engage in order for the knowledge hub to properly function. The process of building a nanotechnology network in southwest Sydney is setting the foundations of this knowledge hub in a region traditionally seen as a low technology player.
The discussions in this paper have addressed the distinctive role that universityindustry engagement could play in improving the competitiveness of a region, as industry competition should not be isolated of the geographical unit where the companies are located. The paper, however, is less conclusive about the long-term effects of the nanotechnology initiative in the regional industry as the intake of nanotechnology applications will also depend of associated factors of how industry and the community perceive the contribution of nanotechnology and how well the public understands the extent of this contribution.
